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FO=2WORD Tests on the rescue Couch assembli, urine chll a'dap'l.r i'%'n.e, Cc -A 
T-0 rescue vehicle is designed to provide the capability of having two Module forward tunnol apex, and center crc. couch ar.lis tic doun 5traps 
astro'utz resole three additional astronauts In earth orbit. Basic Skylab ver( conducted in accordance iLh T'" 611016, ril17, 69L48 £r,45lO, I3rd 
configured Codand cod Srice Modules ale modifted to provLde this Capability 611W5. te following table Idical,'. t,. ctnoetur, Z 11a'd -1 appliard It 
JIdificatinon include to rescue couches with restraint harness assemblies, test report numbers 
additional crew orgen supplies, a urine chiller adapter iraise (iIld alluctc), 
ballbat for the center 
capability, a modified 
crew couch, 
drogue, and 
a 
a 
stowage pallet and 
modified SIA. The 
additional otowage 
two rescue couches STUCTURE 
DOGV2Ir 
M4BIR WTST 
Jchiller 
are to le utilized in conjuration with the contor eaw couch to effect the 
rescue. Utilization of the ballbt on tr ccenteir'lew coech is to obtinu the 
design strokirg of te couch in an abort condition during lunch The urine 
septer frame facilitates the stowage of the urine chiller tiansoered 
from the rescued vehicle. The stowage pallet provides the capability of return-
flucue 
Couch 
LR 9901-3301 
U. 191-06-U±--0TC 
bD 73-05-0003 
Rrzr,u, Couch ,,d'.p''r 5 rLr I ',',It IC 
Dial' r{oad'121 
tsluaton o' "es,u. Cr,joen Adap''r 
Fru'rno ,I lial' C.. 'I"S 
6tra-turla a.,, h ,', crul 2tsti 
oi th -Issue CodC 
irg items or potential inmportance from the vehicle beirg rescued. Undocking ot 
the Cor3 Module from the Ptaltiple Docking Adapter is facilitated by the 
Modlfic- Drogue. 
ollication of SIA's 23, 24, and 25, the SLA's to be utilized on the 2nd, 
3rd, &-d ttt Sh~lob vehicles, consisted of the addition of a SEA panel 
Urine Chiller 
Adapter Fram 
Forward Tunnel 
Apex 
1illast 
S2,aps 
SD 73-CS-0003 
SD 72-CS-0071 
1,196231o35 
St-uctural and ?urctiora2l 1..t Ina 
oi thi R:scue Ce.ch 
S5'ylab Ape, Turnsl Be.- - -"r>.pa,it 
Tensile Pest ol P B I 'ic-how,, 
SJs, or 
retertion s stem. The panel retention sstem, previously in~Ialled on all Launch trajectory and thermal envilromrnt io- the recu6 vinIcle ale 
SEAts througi. SEA 15, was discontinued after one of the panels "snapped back" Identical to that of the basic Slylau confLuration. A rJl)rr'son of the 
apos deployment. The sae hardware is being used tut the SEA 23, 24, and 25 Skylab parameters with those of COA 1520 wa, corducted in the 6D '(0-205 report 
panels are weaker ttan those for which tne letontion system w"s designed. For further information regarding the above wntLioned cm[arlnsoes, rtfer *0 
SLA 83 is the first SIA to fly with the in-line changed LrdIsupport report 3D 70-205. 
structare for the jettison of I&1 A edirication intallation (8Vi-3,21501), The following pages contain ptcturcs depicting the modiilcatior: lirolred 
ut.lized on eLA's 11 througn 21, was analyzed in section VI 2.5 o1 repeal in the conversion of the taste SjIlab ehiclt into the rescue vehicle 
SD 67-1103. T~e in-line change and the modification installation are very conriguiation. 
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LOADS, TAImCH VuCLE 
loads to CMA1520 leads wam corducted in the SD '(0-20U5 report A restatement 
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referenc to report SD 70-205 is recomenied. 
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CRITICAL "A S OF SAf L2 SJVJnDIOn 
Margins of safety found in the analysis sections of the report, sections 
11.3 and ii.4, are presented in the following tables if they are O.25 or less. 
These mini um margins of safety are tabulated alpha runeriully 
SECTION 1.3 Four negative margins of safety were found In the analysls. To of the 
CRITICAL MARGIN OF SAFMIY EVAWUATION margins were for shear of the aft bulkhead core by bond-on stowuge locler 
brackcts. The remaining two margin3 werc for compression yield of p ots of 
the rescue couch back pan Support trus. 
Water drop testing of a rescue vehicle configured Command Module was 
conducted in accordance with TR 691008. ROsults of the test, as' presented 
in report SD 73-CS-0003, verify the structural capability of the four parts 
in question to sustain water impact loads. Based upon these results, no 
further analysis is required at this time. 
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Spacecraft
 
B4 SD 67-1101, Structural Analysis - Preliminary Apollo
 
Block 11 Spacecraft. B20 SD70-209 Vehicle Transient Dynamic Loads - Skylab
 
Spacecraft
 
B5 	 SD 67-1104, External Loads and Criteria Apollo Block 1I 
Spacecraft. B21 SD69-644A Apollo Applications Program - CSM ThormalEnvironment Verification Requiromentso 
SD 67-1105, Internal Loads Apollo Block IX Spacecraft.B3 

B7 	 SD 67-1106, Vibro Acoustic Loads Apollo Block II
 0i' Spacecraft. 
AV
 
fB8 SD 67-1107, Thermal Data Apollo Block IX Spacecraft.
 
B9 	 SD 67-1103-. Structural Analysis Apollo Block 11
 
Spacecraft.
 
BLO 	SD 69-449, Structural Analysis - "J" Mislion Spacecraft 
Bll 	SDg9-450, External Loads and Criteria - "J" Missions 
Spacecraft
 
B12 	 SD69-451, Structural Models and Internal Loads - "J"
 
Missions Spacecraft
 
BI 	 SD69-452, Sub-system Vibration Design Loads - -J*
 
Missions Spacecraft
 
B14 	 SD69-453, Vehicle Transient Dynamic Loads - "J" Missions
 
Spacecraft
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Cl 	 1il Handbook SA, Metallic Materials and Elnolts for
 
Aerospace Vehicle Structure. 

C2 	 Nil Handbook 17, Plastics for Flight Vehicles. 

c3 	 Nil Handbook 23, Composite Construction for rlight 

vehicles. 
c4 MCA TN 3544, comparison between Theoretical and EXpOei-
mental Stresses in circular Sev~i-Monocoque cylinders 
with Rectangular Cutouts. 
CS 	 t5hCA TIN 929, Analysis of Circular shell - Supported Frames. 
c6 	 MACATN 2661, A Sutnmary of Diagonal Tenion. 
C7 	 WADC TDR 56-645, Properties of Glases At Elevated 
Temperatures. 

C8 	 National Bureau of Standards Handbook No. 28, Screw-
Thread Standards for Foderal Services, 1957. 
C9 Nil Spec Q-W-423, Wire, Steel, Currosion-Rsiting. 
CI0 Nil STD 29A (1962), Springs, Mechanical. Drawing 
Requirements. 
cl AMS 5673, Steel Wire Corrosion Resistant 17Cr-7N1-IAl 
Precipitation nardening-Spring Tmpor-
C12 Nii-S-6721, Steel, corrosion and Heat Resistant 
(Chemical Stabilized) Plate, Shot, And strip. 
C13 	 Not Used
 
014 	 WADD-TR-60-517, Therrn-Structural Analysis Manual, 
August 1962. 
CI5 	 MSFC-252, NASA Astronautic Structures Manual. 
016 	 Ni-C-5040C, Cord Nylon. 
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C17 	 MIL-A-8865, Miscellaneous Loads, Airplane Strength
 
and Rigidity.
 
C18 	 NASA TR R-103, Theoretical Elastic Stress Distributions
 
Arlslng from Discontinuities and Edge Loads in Several
 
Sholl-Type Structures, by R. ii.Johns and T. W, Drange.
 
C19 	 NACA 4237, General Instability of Stiffened Cylinders,
 
H. Decker.
 
C20 	 NASA TN D-3609, Elastic Stresses at a Mismatched Circwr­
ferential Jont in a Pressurized Cylinder including 
Thickness Changes and Merldional Load Coupling.
 
C21 M TN 2240, The Effect of Nonuniform Tepetature 
Distributions on the Stresses and Distortions of 
Stiffened-Shell Structures, by Richard R. Holdenfels. 
C22 	 MIL llandoo0k 52, BEtallie Materials And Elernts for Aerospace 
Vehicle StructureB. 
S. F. Laxton 	 .1 4.& 
SPACE DM51014N 
?.RH SlCA' RCCI3. ~ N ED 7020 
---RL..S,CE£ - 1 i GIN ... S 70-205 
.Varch 1971 GE!EAL SKYLAB 
TNrth Arericn RocX- ell uiscellareous Reports ard Snecifications 

Dl 543-G-14, Apollo Brazed Steel Honeycomb Handbook. 

D2 541-G-11, SD Structure Manual. 

D3 	 lh6-644, 14AA Fastener Manual. 
D4 M52-400, LAD Structures Manual. 
D5 	 AL-497, Circular Ring Frames, B. M., Transverse and 
Axial Forces under Various Loading Conditions. 

DG 	 543-G-4, SD Design Manual. 
D7 543-G-9. SD Master Dimensions Specification Manual. 
DO 543-G-25, Standard Parts Manual. 
d D9 MC 467-0005E, Rocket Motor Solid Propellant, Pitch 
Control Motor. 

DI0 	 LAD Honeycomb sandwich structure Manual (NA 58-889). 
D11 	2543-W, SD Materials Properties Manual. 
D12 	 SID 62-823-4, Apollo Smi-hnnual Materials ReportDlS9-150. 

D13 	SID 66-398, Shell Analysis Manual, NASA, MSC, June 1961. 

D14 	 STR91, Analysis of Shells by Finite Difference Methods. 
DI5 	 MA0309-0001, Apollo CM Inner Structure Window
 
Installation Specification. 

D16 	 54-G-17, SD Apollo Materials and Processes Bulletins 

D17 LAD Material Properties Handbook. 

DID 543-C-27, SD Materials Manual. 
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D19 SID 67-554, Apollo Block I Combined Module Static 
Test - Command Module and Service Module (S/C 25-2). 
D20 SID 67-1244, Apollo Spacecraft 004 Command Module Static 
Structural Test. 
D21 SID 66-1412, Apollo Spacecraft Command Module - Static 
Structural Test SIC 004 A (ciM 010). 
D22 	 SD 68-286, Apollo Block I1 Cormand Modulo S/C 25-2 
Static Structural Test.
 
D23 SID 67-462, Apollo Qullfication Test of Circuit Inter­
rupter, Lower Eouipment Day, Electrical Feedtbrough. 
D24 SD 68-276, Apollo Delta Qulification Teat Circuit 
Interrupter LEB Electrlcal Feedthrough, Block II. 
D25 	 MA0210-0158A, Service Module Reaction Control System 
Checkout. 0
 
D26 	 MC 901-0685C, Storage Subsystem-Cryogenic. 
D27 	 SID 66-555, Qualification Test of Service Module 
aUntilical Disconnect Set AL4-019 (AT-481029). 
D28 MC 464-0015, Apollo Spacecraft, Fuel Cell, Electrical 
Powerplant. 
D29 MAO2LO-OllSC. Service t'rOPulsion System Tanking and 
DetAnking Procedures for Launch-Apollo Service Module. 
Block I. 
D30 	MA0OI0-OI83A, SM RCS Filling and Draining Procedure. 
D31 	MA0210-0130E, CM RCS Filling and Draining Procedure.
 
D32 	 MA0201-5380C, Placards and Limitations for Block 11 
Spacecraft. 
D33 	 MA0203-0346B, Fuel Cell POWerplaht Startup and Shutdown 
Procedure, Block III 
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D34 	){A0201-5144D, Envxromnental Control Systln Checkout 
Procedure. 
D35 	 SD 68-290, Apollo Qualification Test of Crow shock 
Attenuator Strut Assembly (X-X Head), (Crushable Core). 

D36 	SD 68-546, Apollo Ot Unified Hatch Static Structural 
Test. 
D37 	 SID 67-498, Study of Apollo Water Impact, Volume 10. 
038 	North American Aviation, Inc. SLID. Downey Laboratories 
and Test Lab Memo LM 331-7023, LIZ4298 Apollo, dated
August 24, 1967. 

D39 	 SD 68-432, Apollo Command Module Qualification Test of 
the unified crew Hatch SC 004). 
Af D40 	MA0101-005, Installation of Threaded and Collared 

Fasteners. 

B4 	 North American Aviation, Inc. SLID, Downey Laboratories 
and r 	 est Lab er S55 sM 	 mo L4 432-7082.Cabin Window Panels and Seals (R
042 S1066-60, 	 lssued'rest 	of April 1966).the Apollo Comand Module mnor. 
D43 	 North n Inc. S&ID downeyAncrica Aviation, 	 Laboratories 
17, 1968. 

044 	North American Aviation, Inc. S&LID Dowey Laboratories 
and Test, Hme U4-613-70837. dated Juno 2, 1967. 
0lsney 
and Test, Lab Memo 114 612-6201, dated December 29, 1966. 
D45 	 North American Aviation, Inc., S&D, D Laboratories 
D46 SID 66-31, Forward Boost Cover Static Toot. 
4S Nfl Lab MemoQualification TstD47 D68-355, IN 5417-9201 (HayofIS,EVA1968)Floodlight Assembly. 
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D49 	 S0)68-76-l, Study of the flffect oh the Apollo Comrandodule Of Reoving the Meteoroid Protection Wjndws,
 
rrangible Nut, Apollo Launch Escape Tower to Comand050 	 SI 65-572, structural Tests onModule Interface Joint. the M3114-0013_.oool.( 
D51 SD68-475, Apollo Ouallfxcatxon TIest Parachute Assisted 
Fo-rd Compartment Cover Jettison. 
052 SRD67-226, Apollo Forward Heat Shield Separation system,Block I Qualification Test.
 
B3S D66- 0,
Addendum to SID 65-1135, Meteoroid Sh elding
 
Analysis Report for Apollo Command Module and Service 
ffodulc (CSM), Harch 19S6. 
D54 	 MA0405-0057, Process Spciflcation, Block F1 
TestR coveryp ocedures.Antenna System, Gusset Mo. 4 Qualification 
North American Aviation, Inc -borat DOwri Laboratories
end Test Lab Mono L 6072-9001, dated July 9. 1963. 
DSS56 	 orhMrcnAvaoIc 30DimyLbatie
and Test Lab Memo 141331-6175, LR 2868, dated 
November 2, 1966. 
D57 SID 67-79, Final Report Water impact Test 103 Spacecraft 
2S-1 (Drop 1), January 31, 1967. 
D50 	 Northrop VentuQra Report: lo. 6070, parachute Suosystem
Apollo Block II, Increase Capability, Earth Landing 
North American Aviation, Inc. SLID Downey Laboratories
 
System Final Report Series Qualification Dropof 85 
Test, August 1968.
 
0359 	 SID 66-1932, "Apollo Qualification Test of 1 4-Tulsa 
D-0 Swin- A U l Cbllcal dlconncct.C 
D48S68-OS, Apollo InnerCouch Command Modulestrut Attachments Struct tur CrewStatic Structural ost* 
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D61 	North American Aviation, Inc. S&ID, Downey Laboratories
and Test Lab Memo SMTf 7-65-13, dated July 19, 1965. 

D62 	 North American Aviation, Inc. S&ID, Downey Laboratories
 
and Test Lab Memo LK 331-7032, LR 4501, dated 

November 14, 1967. 

063 	 SID 66-1771, "Qualification Teat of Apollo Main and
 
Drogue Parachute Disconnect AssomblieB." 

b64 	 SD68-900, "Apollo Lunar Module Ejection Thruster System
(FOl-1C0427) Qualification Test." 

k 

D65 SD68-897. "Apollo Block I Command Module (2S-2) Static
 
Tests in Support of CSM 103 and Subsequent CSM'S."

~crew 

D66 	S068-825, "Apollo Cormand Module Static 
Test Sea Revocry 
Nylon Ioisting Sling Assembly Spacecraft 101." 
D67 	MA0308-0093B. Scientific AirLock MHchanism-Handling, 
Assembly, Installation, and Adjustment of. 
D68 	Mi01-05050-414 (Interface Control Document), "CSM-LEM
 
Structural Loads and Bending Moments." 

D69 	SD68-746, "Boost Protectivo Cover Tower Log Fairing." 
D70 	 SD68-598 "Apollo Conand Modulo LEM Docking Latch 
Assembly Static Structural Test." 
D71 	 SD68-1026 "Apollo tM/CM Docking Probe, Drogue Combined 
Probe and Drogue Assembly, and Docking Ring StaticStructural Tests."+ 

D72 	 North American Rockwell Corporation, Space Division,
 
Laboratories and Test Lab Memo LM No. LR6259-9001, 

Apollo, dated November 12, 1968. 

D73 	SD68-890, "Apollo Qualification Test of the Combined 

Forward Hatch." 
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D74 	 SD68-I011, "'Apollo Supplementary QualIficiation Test
 (off Limits) of the Combined Forward Hatch."
 
D75 	 North American Rockwell Corporation, Space Division,
 
Laboratories and Test Lab Memo LM No. 4981-9001, Apollo
 
dated July 8, 1968.
 
D76 	 SD68-1022, "Apollo Block II CII-SM Stack Static Test
 
Saturn V, One Engine" (CcA 1520 Loads).
 
D77 SD68-625, "Sandwich Core Splice Evaluation Typical
 
Apollo Command Module Configuration."
 
D78 	 SD68-706, "Apollo Certification Test of the Unified
Hatch, Lkghtwezght Conflcjuratxon."
 
D79 SD68-892, 'Apollo Development Test of the Unified Crew
 
Hatch, Lightweight Configuration.-

DB0 N101-05071-414, 	 "CSI-1rM Thermal Interface ThroughDocking Structure, Mechanisms; and Thermal Radiation."
 
D81 	 North American Rockwell Corporation, Space Division,

Laboratories and Test Lab Memo LM No. 4448-9001. Apollo,
 
dated January 8, 1969.
 
D82 	 North American Rockwell corporation, Space Division,
 
Laboratories and Test Lab Momo LM No. 4974-9001, Apollo,

dated August 23, 1968.
 
D83 	 SD 69-131, "Apollo Block 1I CM (28-2) Parachute Load
Static Test in Support of CSM 109 and Subsequent

Spacecraft."
 
D84 	 SD68-581, "Apollo Command Module Line Snagging Hook
 
Assembly V36-571025) Static Structural Tent."
 
DS 	 SD69-1032, "EAR CD Strut - - Crew Shook Attenuation,
 
X-oot V36-571711-722 S/C 103 and Subs."
 
D86 	 SD6975, "EAR CD Struct -X Axis Shear Pin Test V36-5717 1­
832, and V36-571712-861 S/C 104 and Subs."
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D87 	 AL2174-l, "Joint Values for Flush Fasteners Machined Miscellaneous References 
co-%tersunk in Al4ir= AlloyStaxnless Steelland 
Titanium Sheet Tested at Temperatures from 80OF through El Theory of Plates and Shells, S. P. Timoshenko and 
7000F,' January 1957. S. Woinowsky-Kreger, McGraw-Hill Book Company, Inc., 
1959. 
D88 2546-11, SD Structures Manual. 
E2 Theory of Elastic Stability, S. P. Timoshenko and 
D89 North American Rockwell corporation, Space Division, J. M, Ore, McGraw-ill nook Company, Inc., 1961 
Laboratories and Test. Ltr 7446-3301, "ALM-Joant 
E3 Theory of Elasticity, S. P. Timoshenko and J. N. Goodier,Configuration Structural Tests, Aluminum Honeycomb 
McGraw-Hill Book Company, Inc. 1951.Panels." 

E4 	 Formulas for Stress and Strain, R. J. Roark, McGraw-illD90 	 MBO135-027, Material Specification for Cloth, Tatra-
Book Company, Inc., 1954, 3rd Edition.fluoroethylene Coated Beta Glass. 
E5 	 Analysis and Design of Aircraft Structures, E. F. Bruhn
D91 hR Laboratories and Test, LM No. 411-8005, dated 
1-26-68, "Beta Glass Tapes - Strength and Abrasion and A. F. Schmitt, Trn-State Offset Company, 1958. 
Determxnatiors. 
E6 Airplane Structures, Volume I and II, A. S. Niles and 
J. S. Newell, John Wiley and Sons, Inc., 1954.
 
U7 	 Aircraft Structures. D. J. Peery, McGraW-Hill Company, 
Inc. 1950. 
E8 	 Strength of Materials, F. R. Shanley, McGra-Hill 
Book Company, Inc. 1957. 
E9 	 Mechanics of Materials, E. P. Popov, Prentic-Hall, 
Inc., 1958. 
ElO 	 Advanced Mechanics of Materials, 2nd Edition 1963,
 
F. B. Seely and J. 0. Smith, John Wiley & Sons, Inc.
 
Ell Thermal Stresses, B. E. Gatewood, McGraw-Hill Book 
Company, Inc. 1957.
 
E12 	 Theory of Thermal Stresses, B. A. Boley and J. H. Weiner,
 
John Illey and Sons, Inc., 1960,
 
E13 	 Beams on Elastic Foundation, M. Hetenyi, The University 
of Michigan Press, 1961. 
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£14 	 Jndlysz of Statically In,€,terminato Structures, J. 1, E27 Catalog 56, Second Edition, The Pafnir Bearing Co., 
PCc l and R. b. B Yoonaan, John Wiley and Sons, Inc., New Britain, Conn., 1959. 
1957. 
£28 Strength of Materlals, F. L. Singer, Harper & Brothers,
El5 Stresses In Shells, W. Flugge. Springer-Verlag, 1960. New York, 1951. 
E16 	 Elastic Energy Theory, j. A. V h Denbroek, John Wiley r29 Stress Concentration Design Factors, R. E. Peterson, 
and Sons, 1958. John wiley & Sons, 1562, Third Printing. 
£17 	 zInr&',lh of MHtorialu, Vol. X, a. P. Tlmorlhonko, D. Von N1O Airplane SLruvctul Annlyliis ,nd Design, F.. r. Sechlor, 
sostrand Co., Inc., New York, 3rd Edition 1954. LG. Dunn, vet PulicatLions, Inc., vow York. 
El8 	 Strength of Materials, Vo. IX, S. P. Timoshenko, D. Van E31 Stiess in Aircraft and Shell Structures, Paul Kuhn, 
Nostrand Co., Inc., New York, 3rd Edition 1954. McGraw-Hill, 1956. 
E19 	 pressure Vessels and Piping Design, The American society £32 Stress Concentration Around Holes, G. N. Savin. Pergamon 
of Mechanical Engineers, Collected papers 1927-1959. Press, 1961. 
o New York, 1960. 
/ £ 33 SAD J795 Handbook Supplemxent No. 9,
 
£20 
 Table 	Speeds Calculation of Strength of Threads, R, C. 
Boucher, Product Engineering, November 27, 1961. 	 E34 Catalog No. 64 Kahr Bearing Corp., Burbank, California. 
£21 Royal Aero Data Sheets, Royal Aevo Society - London 1962. 	 £35 Aerospace FaStener Design Manual, Vol-shan lfg. Co.,Culver city, Calif., 193.
 
E22 Advanced Strength of Materials, J. P. Den Hartog, McGraw
 
Hill Book Company, Inc., 1952. E36 Kloinlogel 'Rigid Frames" Second Edition, Ungar

Publishing Company. 
Structural Analysis for Design of Lightweight Rocket
£23 

Shells, Arthur R. Barzelay and Stanley R. Sadine, The E37 "Solution of Problems of Elasticity by the Framework 
Kellogg Conpany, Jersey City, New Jarsey, Ninth AMy ' Method" by A. Hronnzkoss, printed in the Journal of 
Navy - Air Force Solid Propellant Meeting. Applied Mechanics, Dec. 1941. 
£24 	 reinforcement of a Small Cirgular Hole in a Plane Shoot E38 Elementary Structural Analysis by Wilbur and Norris, 2nd 
Under Tension, S. Levy, A. E. McPherson, E. C. Smith, Edition, McGraw-Hill, 1960. 
Journal of Applied Mechanics, June 1948. 
E39 Elastoplastic Stress and Strain Distribution in a Finite
 
E25 The Fatigue Modulus of Glass, J. L. GlaLthart and F. W. Plate with a circular Hole Subjected to Unidizensional' 
Preston, Journal of Applied Physics, Volume 171 March 1946. Load, A. J. Durelli, C. A. Scilancarella, Journal of 
Applied Mechanics, March 1963, Pg. 115.under Con-
E26 	 Strength of Static Fatigue of Abraded Glass 
trolled Ambient Conditions, R. E. Mould and R. D. Southwick £40 Catalog No. SP-62, Morse Chain Co. (A Borg-Warner 
Journal of the American Ceramic Society, Nov. 1959. Industry), Ithaca, N. Y. 
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41 	 Stresses in a tir; Loaded Normal to its Plane, E. R. 

Walters, Jour-al of tne Aeronautical Sciences,
 
Vol. 12, April 1945. 

E42 	 Materials Hardbook, Sixth Edition, Radoms Department 

Technical Proc.c-ts Division, Corning Glass Works,

Corning, N. Y., April 1963. 

E43 	 Design of Machine Elements, Second Edition, M. F. sports. 
Prentice-Hall, Inc., October 1955. 
E44 	 Handbook of Mechanical Spring Design, Eighth Printing, 

Associated Spring Corporation, Bristol, Connecticut,
 
copyright, 1956. 

245 	 Lockheed Aircraft Corporation-Stress Memo No. 88a. 

Sept. 15, 1955, Tension Type Fittings.
 
£46 	 statically Indeterminate structures L.C. m 

John Wiley & Sons, Inc., New York. 

E247 	 Boeing Airplarne Company, >14523 Design Charts for 

Plates Sir.ply Supported on Three Sides and Free on 

the Fourth.
 
E48 	 Machinery's Handbook, 14th Edition, Editors Erik berg 

E49 	 Introduction to The Mechanics of Solids, Editors Stephen 

H. Crandall. and Sornan C. Dahl, McGraw-Hill, 1959. 
E50 	 Aero)aL General Corporation, Structures Manual, Section 6, 
phin Shells, 1960. 
E51 	 PlasticS. BuclingPaperof ThinResearchShallow Spherical Shells,DeveloprentR. Roth. (AVCO and Adv nced 
DR,S in . pApolloDivision) . 
E52 	 Handbook of Formulas for Stress and Strain, William 

Griffel, Frederick Ungar Publishing Co., New York, 1966. 

2S3 	 Wjlo Laboraories for Jarq tanL InduLu;tqL-Aitito Division 
Test Report 48163, "Qualification Test on Pressure 
V, ss'l, lellu- Part No. 6.99-7, NAR Part No. 
MEp2,2-051j.-.0.,1 
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E54 	 Lockheed Aircraft Corporatlon-Stress Memo No. 45e,
 
Nov. 1, 1953, Stiffener Crippling Allowable.
 
E55 	 Republic Aviation Corporation Structures Manual 
Sect. 	1.6000, FitLing and Parts.
 
56 Bendix Aviation Corporation, Bondix Products Division,
South Bend, Indiana, Engineering Report No. 749-Socket
 
Research-Design Usirg Symmetrical Loading.
 
E57 Whittaker Corporation, Technical Products Division,

Chatsworth, California - Report No. 3129 Handling Safety
 
Test Report for Pressure Vessel, Part Number 128991
 
258 	 A Survey of Some Buckling Problems, Bernard Sudiansky
 
& John W. Hutchinson, Harvard University AIAA Journal
 
August 1966 PP 1833-1842.
 
E59 	 Nonlinear Theories for Thin Shells, office of Naval
Research, Contract No. 1866 (02) Technical Report No. 10,
 
Harvard University, February, 1966.
 
E60 	 Design of Machine Elements, Third Edition, Virgil M. Fairo
 
The MacMillian Company, New York, 1955.
 
E61 	 Allison Division of General Motors, Materials Laboratories
 
Report No. 63JP23, Evaluation of Weld Certification Test
 
Ring for Rework of Apollo Fuel datedTank December 10, 1963. 
E62 	 Lockheed Aircraft Corporation, Stress Memo No. 89a,
 
Flne Bonding Strength of Angles.
 
E63 	 EDL Lab Memo SlT 6-65-3 "Belleville Spring Loading
 
Tests," D. E. Catt, dated 30 June 1965.
 
E64 Northrop Ventura Report, NVR-6112, Strength Analysis 
Block I Earth Landing Subsystem Weight Accomo­dation Program Volume I and II, March 1968.
 
E65 	 Final Stress Analyjis (as defined on Stress Memo 101) 
Qualification RCS Engines, The Marquardt Corporation, 
21 May 	1965. * 
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£66j 	 C4117./ C "r/j'altn, Dovicet",- Inc., 
£67 Weber AtrcrafL Enqinternq Report SA-S6, Fornal StrnJ 
Auin 'n itt - A ,OI} Fv,Iet,.Ibn Courli tlll'Ih till. 
;lI&II'ONl II 
£60 	 Bllo'll (Z:ILnl I~o ng ,lrjjinoon, TIiAlS VD,'rlnq j, 	 Inc., UOZUIVI, ANALYSISLos An.qeks, California. 
E69 	 Calculus, R. E. Johnson and F. L. Kiokemoister, Allyn
 
and Bacon, Inc., August 1961.
 
E70 	 Strength of Materials, J. P. Don IHartog, Dover Publica­
tion, Inc., New York, 1961.
 
E71 	 The Ht-an Body in Equip-aent Design, A. Damon, H. W. Stoudt
 
and R. A. McFarland; Harvard University Press, Cambridge,
 
Has&, 1966.
 
4 E72 	 Rigid FPre Formulas, William Griffel. Product Engineering, 
April 13, 1964, page 59. 
£73 	 Rings and Arcuate Beams, Alexander Blake, Product 
Engineering, January 7, 1963, pages 69 through 0.
 
£74 	 Talon Catalog, "Onni-cnvirorment - Barrier Slide
 
Fastener," Talon, Inc., Meadville, Pa.
 
E75 	 Mechanical Design of Machines, M. J. Siegel, V. L. Maleev,
 
J. B. Hartman, International Textbook Co., Scranton,
 
Pa. 1965.
 
E76 	 Theory and Problems of Machine Design, A. S. Hall, Jr., 
A. R. Holowenko, H. G. Laughlin, McGraw-Hill Book Co.,
 
New York 1961.
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INPRODUOTION 
Structural internal loads on the Skylab reucue hardware are developod 
in section 11.2. Analyses of the detailed parts are filed alpha-norzr.rfcalJ In 
SWTIOn II . 
sections 11.3 and 11.1, for the Comand Module and SEA, respectively. 
Acceleration criteria utilized for equipment stored on the aft bulkhead 
flflBODUZIOf of the Cormand Module ns taken from MCRA12[C8 which established the use of 
the "Boeing Criteria" as presented in Boeirg SHAM70.1, Ioad Criteria for 
0~ 
Structural Evluatlon of Command :Iodule Aft Bulkhead Stoc,e, April 22, 1970. 
An excerpt from this HR is presented on the following page. Unlos othertise 
stated, the acceleration factors from D 6y-n1O6-2A, page fl-4, are utilized 
for ll structure not mounted on the Cosraand IIodtle art bulIuheca., k-.ce 
aceeleration factors ate tabulated On pRge Lr.I,2. 
The table on page 11.1 3 lits the major structural asoemblles cxcmincd 
within this aralysi. and their top draing numbers. 
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_______ - -- Table 11-1. Command Module Structural Load Cs-ied'r. for 
J Water Landings 
rT7 _Design Loads (Ultimate) 
.. 2 ____ totdiCommand Module Axes 
F / 
- 9 -.--.6- -. 47' --.2 - "" .. 1:0 g:Components, operating during or after 
Z/h .J Impact ±78g *930g A35 g 
g = Positve longitudinal acceleration 4! / Notes D andE 
gr xegative longitudinal acceleration tw -" // Components, nosoperating during or
-G4O ~ after impact *35 g .15g *25 I - ___ . .. .".. ._ m ~ _ ~ _ _ .. '' ''... too __o. 
r- (tes D and E) 
k I - for 300 lbS<Wc<900 lbs Pi-
Er Secondar% structure, all ecept aft equipment 2.5(R' 0 compartment +35 -5g t15 g -ZS +5 
k P 1 900 1300 lbs so 0 ' Aft equipnent compartment +45 -5 g ±15 g -25 g 45 g 
~ L- 4.CR + .25] for 90lbs C-----------<WInrs~cus.~ca (Notes B and C) -S*1g-2 
149f se ED Inner structure, such as pressure hull, all 
" 9AX 21 I except aft sideerall +35 .5 g *15 g -zS g is g 
206 E. G Aft dewall 44 .5-5 *5g .25 45g 
f- Ac~ Et (Note A) 
VolJ W) .2 51 
WC - Weight of all coponents attached to bulkhead N ..A 
R . 56 S inchesOfr -a <+ B A - Primary struture such as pressure 
• 
[ ~gxA ¢ f4-.O"g~- a@ U'5l).L 9 ~ 1.0hull ment b~y. nd bracketry3 E B - Secondary structure such as equip-R 'f 
- Atthmnsucasodng 
x 
g-x an(equipment bays) and A 
MXD - Individual components 
g s1- 2 1J k" xfor + .5 c7< +1oD0 betwecn large subassembhse 
* E -Fateners attaching Dto A or B 
E{45 for +Z 

g, not less than 124 for -Z
 
9, not less than 7
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Rescue Couch V56-88OO4 
Rescae Couch V56-53100 
Restraint System 
Urire Cniler 
AdsnPtr FTame 
y6-331710 
Urine Chiller Adapt.
Prate Restraint 
V56-601140 
6t orage Pallet V56-6c)11 
Stovgo Pallet V56-601126 
Continor 
PCA Stowage V56-601146 
Resc.e Dregue V56-575206 
?llazt, Crew Couah V56-6O1061 
Reotiaint, Crew V56-601069 
Couch Balltst 
Aft Bul/Thcad Fittings V56-317558 
SEA V24-880014 
. . . 
a. . 
0 PSPACE DIVISION 
NORTH AMERICAN ROCk\\FLL CORPORATION 
US= 'ISSM. 
C OM MAND MOD U L E 
11.2.1.0 
gI)no 
. ..... s a -. Skylab 
... ... ... 
. , GR.R. 
SPACE DIVISION 
NORTH AMERICAN ROCKWELL CORPORATION 
q r.. 
COMMAND MODULE 
. -
. ... SD 0-205 
RESCUE COUCII 
Two rescue coaches, mounted on the aft bulkhead, are used in conjurctior 
with the center crw couch to provide te capability of effecting a rescue. 
SECTION 11.2.1 
RESCU/ECOUCH 
The Mucue couches consist of a back pan assembly, log support assembly, back 
pan support frames, leg support assembly franc, and strap restraint system. 
The support frames are located in the Al, A3, Alt, A6, AT, and A9 locPar 
locations. Locker fittings ae utilized to secure the frmes to the afn 
bulkhead. Back pan sapport frames are In the Al, A7, and A6, A9 locker 
locations. Leg support assembly frames are in the Al and A3 locker positions. 
ASIA 
Loads on the rescue couch back pan tere developed through the use of two 
computer programs. One program was based on a model of the coplkte couch 
back pan. The second utilized a model of half of the back pen. Due to the 
sizes of the programs' outputs, they will not be included in this report. The 
structural models are included. The program output is available within the 
Apollo stress group if required. 
Loads development of the back pan support frames and the strap restraint 
system are presented in this section. The loads for the leg support system, 
including the support frame, are developed within the 11.3 analysis section 
on the pertinent drawings. 
Load factors applicable to the leg support system are developed using 
"Boeing" criteria. The load factors used for the back pan frame adapter 
loading ar "Doeing" cr~eris acceleration factors. 
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Acceleration factors for the man-back pan loading are taken esoentially
from AI S-6.ome modifications were made, however, uo shown on the chart an l, - "A 'r ,­~ lt. . 7,1. r dc .. , + +tc'li -
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Sit steel Plates are utilized on tne center crew couch to obtain the 
design stroking of the couch during abort. The bottom plate is bolted to 
angles along two edges which are fastened to the torso support beams of the 
SECTIOII 11.2.6 Weber couch. The remaining ballast plates ore secured to the Ouch by mens 
RAUAST, CREWCOUCH - of a steel cable and beta webbing strap assembly system and four HAS 154 
screws which clamp all sixc of the plates together. 
Loading of the Weber crew couch from the ballast, as developed in the 
following pages, is shown to be less than for man loading Additional 
analysis of the couch structure is, therefore, not required. Analysis of the 
ballast mounting hardware is, however, presented in sention 11.3 of this report 
The load factors utilized for the ballast plates were taken from. 
it Apollo Command Module Water Impact Tests, Appendix B, water landing tests 5-9 
with CM-099. Allowablec for the steel cable and beta webbing strap assemblies 
wore taken from the Skylab-Rescue,. Development Verification Tensile Test of 
P.B.I. 'Tie-Down System LR 9643 -W 35 . 
Maximum ballast weight utilized on the center couch is 2t6.6 lbs. This 
weight is representative of one astronaut entering the rescue vehicle from a 
disabled Skylab. The weight was taken freom CSz/I Spacecraft Operational 
Data Book, Vol 'me II, Vass Properties Amerdmaent 131 , lfovember 21, 1972. 
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AFT BUUQHAD FITTINGS 
The aft bulkhead fittings used to secure the stowage lockers to the aft 
bulkhead for the basic Skylab mission are utilized on the rescue mission.
 
For rescue, the fittings secure the rescue couch adapter frames, urine
 
chiller frame, and stowage pallet to the aft bulkhead. 
This section is concerned with the development of the maximum loads on
 
each fitting. Reevaluation of those fittings whose rescue mission loading is
 
greater than that due to basic Skylab configuration is performed in section
 
11.3. In the cases involved, critical loading is shear of the aft bulkhead
 
honeycomb core.
 
Material properties for the honeycomb core and calculation of the
 
effective width of the honeycomb core face sheet applicable to the fittings
 
are also included in this section. Shear distribution factors for the
 
longitudinal and transversedirections are calculated.
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Analysis of the in-line change to the [UN structure is presented in this 
report because SEA 23 is the first SrA to be flown with this configuration. 
The loads used in the following development are based on A 32000 pound M4 
supported in the SIA. For Skylab missions, a lightweight stabilizing 
SECTON11.2.8 
SrA 
structure is installed in the SEA. The analysis of the stabilizing structure 
is presented in report SM 64-6o, Vol. VI, Section 10. The analysie is 
therefore very conservative for the Skylab missions. 
The in-line installation is very similar to the modification installation. 
The inner frume and racenhcet in the LEM attach area are ait out to accept a 
spring loaded cylinder which will eject the LE4/C1S4 during separation. 
The support fitting (8V24-321f10) transmits the vertical 1M4 lead to the 
fLEMsupport beam (8721t.321108) by bearing against the beam. The fitting 
acts as a splice for the inner frame (8V2 14-321109) for contiruitl in tra-iu­
mitting the hoop loads. The = loads are introdaced into the SIA 4el 
through the 8V24-328108 beam. Only the introduction of the LE4 loads into 
the SEA shell shall be investigated since the other hardware is similar to 
the modification change analysed in the SD 67-3.103 report. 
The structural integrity of the SEA panels will be examined using the 
leads from report Sit 64-6O, Volume V1, Sections 8 and Ul. Toe factor of 
safety has been changed, however, from 1.5 to 1.4 as shown in SID 64-60, 
VOl. Vi, page 6.C i.i. The loads were chanced accordingly. 1dodificatons 
to the SEA panels ant be capable of traneoitting launch loads an well as 
attenuation and retention loads. 
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